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Introduction
Chronic obstructive pulmonary disease (COPD) is one of the main causes of disability in persons over 40 [1] . COPD is characterised by airflow limitation and a loss of pulmonary function that is not fully reversible by pharmacological treatment [2, 3] . This airflow obstruction is usually progressive and is associated with an abnormal inflammatory response of the lungs to particles or gases [2, 4] . Most patients with COPD experience symptoms such as a chronic cough, dyspnoea and the production of sputum [5] . The diagnosis of COPD includes patients with chronic bronchitis, characterised by a fixed obstruction of the airways, and pulmonary emphysema, caused by a decreased elasticity of the lung tissue. COPD has a serious impact on the quality of life (QoL) of patients [6] , for example, most patients with www.elsevier.com/locate/pateducou Patient Education and Counseling 61 (2006) [99] [100] [101] [102] [103] [104] [105] [106] [107] [108] COPD experience physical limitations as well as psychological problems, such as feelings of anxiety or depression [7] .
Since COPD is an incurable disease, the treatment of patients with COPD is mainly aimed at effective disease management focussed on the prevention of disease progression and on improvements with respect to symptoms and exercise tolerance [2] . In addition to pharmacological treatment, in the more severely affected patients pulmonary rehabilitation is recommended to support the management of COPD [1] . A comprehensive rehabilitation programme should consist of exercise training, nutrition counselling, and education [2] . Patients at all stages of COPD may benefit from exercise training (aerobic exercise and respiratory muscle strength training) during rehabilitation, leading to improvements in exercise tolerance and symptoms of dyspnoea and fatigue [8] [9] [10] . Pulmonary rehabilitation is particularly indicated in the more severely impaired patients with COPD, given the multidisciplinary approach of the programmes targeted at both pulmonary and non-pulmonary problems, and the improvement of QoL [2] .
Part of the effects of the treatment of COPD patients depends on their efforts to engage in certain healthy behaviours, like stopping smoking or doing more physical exercise. Mostly, these are unhealthy behaviours the patients have engaged in for many years and therefore these behaviours are resistant to change. For example, smoking is the most important contributing factor in the development and progression of COPD [5, 11] , which patients find hard to change. Therefore, it is very important for the patients to be motivated and committed to the rehabilitation programme to be able to accomplish changes in their behaviour. Many of these patients, however, face multiple and often complex problems, both physical and psycho-social [8] . Previous research has shown that COPD patients referred for rehabilitation had often lost their motivation to improve [12] . Moreover, repeated, failed efforts to change their behaviour may have resulted in decreases in their perceptions of personal control [13] [14] [15] .
Personal control refers to individuals' belief about their capacity to exert control over their own lives [16, 17] and can be divided into several forms of control. Mastery, which is the extent to which people feel in control of the forces that affect their lives [18] , has been found to be negatively associated with functional decline [19] . Self-efficacy refers to the confidence people have in being able to execute actions that are required to deal with particular situations [20, 21] and appears to be related to the effectiveness of rehabilitation [22] . Furthermore, self-efficacy has been associated with stopping smoking [14] , adherence to medication [23] and to physical exercise [13] , all important factors in the management of COPD [1] .
Previous studies have shown that perceptions of personal control are important factors related to the outcomes of pulmonary rehabilitation [14, [24] [25] [26] [27] , since these perceptions influence patients' motivation [20] to make the required efforts during rehabilitation. Due to the often multiple problems and the diminished sense of personal control of COPD patients, their treatment is rather difficult. Though a number of studies have reported the effects of rehabilitation on exercise tolerance and QoL [28] , these effects often decrease in the long term [10, 24, 29, 30] . Positive effects of rehabilitation are difficult to achieve and many patients experience relapse, even if they initially improved during rehabilitation [31, 32] . As a result, patients with lower perceptions of personal control may fail to attain their goals during rehabilitation or may more easily relapse afterwards. Higher perceptions of personal control, however, may be related to better outcomes of pulmonary rehabilitation.
In this study, we first examined whether QoL and perceptions of mastery and self-efficacy improved in patients with COPD referred to a rehabilitation programme. Given the often multiple and complex problems patients with COPD have to face, and a decreased level of motivation to change their behaviour, these patients were in fairly poor psychological shape, rendering it unlikely that changes in their perceptions of personal control during rehabilitation could be expected. Moreover, the assessed patients with COPD were quite seriously ill with respect to their lung function parameters (stage III of the GOLD classification (global initiative for chronic obstructive lung disease) [2] , indicating serious COPD). Consequently, on the basis of previous research [31] , only modest changes in QoL during rehabilitation were expected. Second, we studied whether changes in mastery and self-efficacy were related to a higher QoL after rehabilitation.
Methods

Participants
Consecutive patients with COPD who participated in a pulmonary rehabilitation programme were included between January 2001 and April 2002. In order to facilitate the interpretation of the data of these patients, we provided baseline data of a reference group, included during the same period, of consecutive outpatients who received standard care in a general hospital. Standard care consists of regular visits to a pulmonologist in order to monitor symptoms of COPD, to adjust medication therapy accordingly, and to prevent or manage exacerbations [2] . Patients in both groups were eligible for inclusion if they were (1) diagnosed as suffering from COPD, (2) aged between 40 and 80 years, (3) registered with a forced expiratory volume in 1 s (FEV 1 ) of less than 70% of the predicted value, (4) fluent in the Dutch language, (5) free from other pulmonary disease, (6) free from other serious non-pulmonary disease (such as heart disease or cancer), and (7) free from psychiatric problems in the previous year. Pulmonologists selected the patients who were suitable for participation in the study, and asked them verbally (rehabilitation) or by mail (reference group) whether they gave permission to the researcher to inform them about the study. Patients received written information about the study and an informed consent form, requesting their permission to take part in the study. The Medical Ethics Committee of both centres approved the study.
Study design
This study consisted of two assessments collected by means of self-report questionnaires. Patients filled in questionnaires at the beginning (T1) and at the end (T2) of the rehabilitation programme. The length of the rehabilitation programme varied, with the average duration being 20 weeks (S.D. = 11.2). Incomplete questionnaires were returned, and patients were asked to complete the missing items.
Pulmonary rehabilitation
Pulmonary rehabilitation involves several types of health professionals and consists of exercise training, nutrition counselling, and education [2] . The multidisciplinary pulmonary rehabilitation programme in our study may differ to a certain extent from other programmes in this respect that it has a longer duration and a higher intensity [33] . The basic part of the rehabilitation programme in our study concerns physical support, consisting of pharmacological treatment (optimalisation of medication by a pulmonologist, mostly consisting of bronchodilator therapy), strength and endurance training, breathing retraining, and dietary interventions.
Apart from physical exercise, psycho-social interventions are aimed at psycho-education and self-management of the patients. Psycho-education addresses psycho-social problems related to the disorder by means of Kübler-Ross's theory of the stages of grief (shock, denial, depression, anger and adaptation) [34] . Self-management modules focus at compliance and maintaining a good physical condition after rehabilitation. By means of a self-medication scheme, patients are taught how to interpret their symptoms and the severity of the airflow obstruction, and to administer their medications accordingly. Self-management modules support the patients to implement the health behaviours learnt during rehabilitation (such as physical exercise) in their daily lives, in order to remain physically active and to prevent them from relapse after rehabilitation.
Physical therapy and psycho-social interventions are divided into several modules, which mostly are administered in group sessions, although some additional individual modules are offered when indicated, such as psychotherapy or a smoking cessation module. The programme covers 3 days a week (several modules a day) in the first 10 weeks of the programme, and 2 days a week in the next 6-10 weeks of the programme. Patients are referred for rehabilitation when in stage II, III or IV according to the GOLD classification [2] and, consistent with the ICF model [35] , when they experience limitations in activity and participation or if environmental or personal factors exist, which influence their disability. Patients are not admitted for rehabilitation when serious psychiatric or medical co-morbidity exists or when patients are addicted to alcohol or drugs (about 5% of the patients referred were not admitted). Most patients participated in rehabilitation as outpatients, although patients were also able to participate as inpatients if they needed intensive nursing care or the travel time to the rehabilitation centre was too long.
Assessments
Clinical characteristics
Data concerning case history and clinical characteristics were collected from the patients' medical records. Lung function parameters (forced expiratory volume (FEV 1 ) in litres, FEV 1 % pred and forced vital capacity (FVC) in litres) of the patients in rehabilitation were measured at the beginning of the rehabilitation programme. For the reference group, the most recent assessment of these measures during a regular visit to the outpatient clinic, within 1-3 months before T1, was used. Previous studies have shown that the annual rate of decline in FEV 1 for patients with COPD varies from 47 to 60 ml/year [36] , although FEV 1 assessments within 3-6 months do not tend to fluctuate very much [37] . Furthermore, information on the number of pack-years ((number of years patients have smoked Â number of cigarettes a day)/20) and the lung disease duration was collected.
Symptoms of COPD
A short questionnaire measured dyspnoea during rest and exercise, sputum production and coughing during the last week [38] . The total scale consists of the average of the four items with a range from 0 to 6. Higher scores indicate more symptoms.
Quality of life
Three subscales of the Rand 36-item health survey [39, 40] were selected for the assessment of QoL, covering the three major domains of QoL: physical functioning (10 items), psychological functioning (five items), and social functioning (two items). Physical functioning measures the extent to which health interferes with daily activities such as climbing stairs. Psychological functioning measures mood, including feelings of depression or tension. Social functioning assesses interference of health with normal social activities such as visiting friends or relatives. All subscales vary between 0 and 100; higher scores indicate better functioning.
Overall QoL was measured on Cantril's ladder [41] , a scale ranging from 0 to 10, with higher scores indicating a higher overall QoL. Patients answered the question: 'Here is a picture of a ladder. Suppose the top of the ladder represents the best possible life for you and the bottom represents the worst possible life for you. Where on the ladder do you feel you personally stand at the present time?'
Perceptions of personal control
The Mastery scale of Pearlin and Schooler [42] measures the extent to which people feel they are in control of their own lives in general. Examples of items are: 'I have little control over the things that happen to me' or 'I can do just about anything I really set my mind to do'. This scale is composed of five positively formulated items and two negatively formulated items; the latter must be reversed. All items add up to a total score (range 7-35); higher scores indicate higher levels of mastery.
Self-efficacy was measured by the self-efficacy scale of Sullivan et al. [22, 43] , which consists of items assessing behaviours related to health. This scale consists of the subscales control symptoms and maintain function. The control symptoms subscale was measured by six items (range 0-24), such as 'How confident are you that you can control your breathlessness by taking your medications?' The maintain function subscale consisted of three items (range 0-12), such as, 'How confident are you that you can get regular exercise?' Items for each scale add up to a total score; higher scores indicate higher levels of self-efficacy.
Socio-demographic variables
Age, gender, marital status and educational level were assessed. Educational level was assessed according to the International Standard Classification of Education [44, 45] , which has six categories that were recoded into four categories, ranging from lower educated to higher educated.
Statistics
The data were checked for normality (by means of the Kolmogorov-Smirnov test), and since the distributions of the variables were not significantly different from the normal distribution, parametric tests were used for the analyses. First, t-tests, Chi-square tests, and analyses of (co)variance were performed in order to compare the patients in rehabilitation with the reference group with respect to demographic and clinical characteristics, QoL, symptoms, and personal control (corrected for age-differences between the groups). Second, paired-samples t-tests were carried out to study changes to QoL, symptoms and personal control during rehabilitation. Effect sizes were calculated as mean baseline scores minus mean follow-up scores, divided by the pooled standard deviation [46] . According to Cohen, these scores can be divided into trivial (ES < .20), small (.20 ! ES < .50), medium (.50 ! ES < .80) and large (ES ! .80) effects [47] . Third, bi-variate correlation analyses were performed to study the associations of personal control at T1 with QoL at T2. In addition, multiple regression analyses of QoL at T2 on personal control at T1 were performed, and regression analyses of QoL at T2 on changes in personal control between T1 and T2, both adjusted for QoL at T1, age, and gender. The same QoL domains were measured at both T1 and at T2. The value of each QoL domain at T2 was used as a dependent variable in the regression analysis and was corrected for the initial value of the same QoL domain at T1. Fig. 1 shows the numbers of patients in the study. Patients who refused to participate did not differ significantly from the respondents with respect to age and gender. In rehabilitation, 54 patients were included (response rate was 79%) and 39 patients participated in both assessments. Patients who dropped out during the study scored significantly lower than the respondents in terms of vital capacity and physical and social functioning at T1; no significant differences were found with respect to demographic characteristics and perceptions of personal control. Table 1 shows that patients referred for rehabilitation were on average about 7 years younger ( p < .001) than the patients in the reference group. Other socio-demographic parameters did not differ significantly between the groups. Table 2 shows that patients in rehabilitation scored significantly lower in self-reported physical functioning compared with the patients in the reference group, after correction for age-differences between the groups. Further-more, patients in rehabilitation scored significantly lower in overall QoL than the reference group. No significant differences in personal control were found between the groups. Table 2 also reports that COPD patients in rehabilitation showed significant improvements between T1 and T2 in overall QoL (ES = .43) and in the self-efficacy subscale control symptoms (ES = .62), whereas no significant changes were found in QoL domains, symptoms of COPD, and mastery.
Results
Patient groups
Socio-demographic variables
Comparison with reference group: QoL, symptoms, and personal control
Changes in QoL, symptoms and personal control during rehabilitation
Although on average patients in rehabilitation did not change significantly on QoL domains, further analyses of individual patients showed that a subgroup of patients did improve with respect to physical functioning: 36% of the patients showed improvements in physical functioning. Only a small number of patients improved with respect to social and psychological functioning. Table 3 contains the Pearson's correlation coefficients for the relationships between QoL domains, mastery, and selfefficacy. We found significant relationships between each QoL domain at T1 and the same QoL domain at T2. Perceptions of personal control at T1 were not significantly related to QoL at T2. Changes in self-efficacy maintain function were significantly related to social and psychological functioning at T2 (r = .50, p < .01 and r = .35, p < .05).
Relationships between personal control and QoL domains
Correlation analyses at T1 and T2 revealed the following results (additional information, which is not displayed in the Table 4 shows the contribution of personal control to QoL domains after rehabilitation. The first regression analysis yielded no significant associations between either mastery or self-efficacy subscale control symptoms at T1 and any of the QoL measures at T2. Self-efficacy subscale maintain function was only marginally significantly related to overall QoL at T2 (b = .32, p = .073).
Independent associations between personal control and QoL domains
The second regression analysis showed that changes during rehabilitation in self-efficacy maintain function contributed significantly to the explanation of changes in social functioning (b = .48, p < .001) and psychological functioning (b = .39, p < .01). Changes in self-efficacy subscale control symptoms were neither significantly related to any of the QoL domains nor to overall QoL. Changes in mastery were only marginally significantly related to the explanation of changes in physical functioning (b = .27, p = .085) and overall QoL (b = .33, p = .054).
Discussion and conclusion
Discussion
Patients with COPD improved with respect to overall QoL and self-efficacy during the rehabilitation programme. In addition, changes during rehabilitation in self-efficacy contributed to the explanation of the social and psychological QoL domains after rehabilitation, which is consistent with earlier findings reported by Lox and Freehill [13] and McCathie et al. [27] .
Quality of life
In general, the physical domain of QoL tends to decrease with age [40] . Consequently, the result that the patients in rehabilitation showed a worse physical functioning than the slightly older reference group indicates that the rehabilitation group indeed had a serious condition. However, on average both groups scored much lower than healthy people of the same age (healthy people 64.8 (S.D. 26.4) [40] ; rehabilitation group 30.0 (S.D. 19.7), reference group 41.1 (S.D. 28.9)). Considering their FEV 1 , patients in both groups in this study are in stage III according to the GOLD guidelines [2] , indicating that both groups of patients with COPD are extensively impaired and in need of careful management.
No significant improvement in physical functioning was found at group level during rehabilitation. Previous research did report significant improvements in physical functioning measured by the SF-36 [48, 49] , thereby demonstrating the sensitivity of this measure to assess changes in QoL during rehabilitation. The COPD patients in this study were in advanced stages of their illnesses and therefore, the possibilities for improvement with respect to physical aspects of QoL were probably limited [31] . Previous research has shown that during the course of their illness, COPD patients gradually decline with respect to pulmonary function and with respect to physical and other domains of QoL [37, 50] . This process of deterioration can only be retarded, with medication for instance, but not stopped [36] . This may also explain the fact that significant improvements in self-reported physical functioning during rehabilitation were not found at group level. Although the physical condition of the COPD patients in rehabilitation was rather poor, psycho-social adjustment to the illness is still possible, which is supported by our result that Table 4 Regression of QoL domains at T2 on perceptions of personal control at T1 for COPD patients in rehabilitation (n = 39)
Predictors
Physical functioning T2 Social functioning T2 Psychological functioning T2
Overall QoL T2 COPD patients improved during rehabilitation with respect to their overall QoL.
Personal control
The finding that COPD patients in rehabilitation reported significant changes in self-efficacy is consistent with earlier findings [10, 13, 51] . However, the COPD patients in this study were seriously ill, illustrated by the result that no improvements with respect to QoL domains were found. Furthermore, these patients were rather impaired with respect to personal control (mastery scores for healthy people 24.7 (S.D. 5.3) [19] ; rehabilitation 22.6 (S.D. 5.1), reference group 23.1 (S.D. 4.2)). Moreover, in order to realise positive rehabilitation effects, the patients are required to change certain unhealthy behaviours, which is rather difficult for patients often suffering from multiple psycho-social problems and demotivation [8, 12] . Consequently, the results of this study, showing a significant improvement in self-efficacy during rehabilitation, are rather remarkable. Only a few other studies have assessed perceptions of personal control in patients with COPD [15, [52] [53] [54] [55] and, therefore, this study contributes to the existing literature.
After rehabilitation, patients reported more confidence in their ability to exert control over their symptoms. Selfefficacy theory assumes that perceptions of personal efficacy are based on previous experiences of successful performance or learning experiences [20, 56] , hence, exercise training may lead to higher perceptions of self-efficacy [57] . Since pulmonary rehabilitation is tailored to the abilities of individual patients, the individual goals of the programme are readily achievable, which probably results in an improvement in perceptions of self-efficacy. The result that no improvements in mastery were found during rehabilitation shows that the changes in personal control during rehabilitation are specific rather than general.
Contribution of self-efficacy to QoL domains
Improvements in the self-efficacy subscale maintain function were related to improved social and psychological functioning after rehabilitation, while changes in selfefficacy control symptoms were not related to QoL after rehabilitation. Improvements in self-efficacy control symptoms probably do not lead to a better QoL as actual control over the symptoms patients experience is limited. Selfefficacy maintain function concerns the confidence patients have in being able to engage in physical activities. As a result of low perceptions of self-efficacy, COPD patients may refrain from the activities of daily life [58] . Increased perceptions of self-efficacy maintain function may encourage patients to engage in social activities more often, which in turn may enhance their feelings of well-being.
Study limitations
This study has a few limitations. First, since we did not perform a randomised controlled study, we cannot determine whether the changes in self-efficacy during rehabilitation can be attributed to the rehabilitation programme. However, our aim was to study changes in QoL and perceptions of personal control during rehabilitation, and we did not question whether rehabilitation per se was effective or not. An advantage of our design is that we did not apply extensive selection criteria for the patients to be included in the study, and therefore, these patients are likely to be rather representative of the COPD patients seen in pulmonary rehabilitation.
Second, our 20-week rehabilitation programme may be longer than that in many other rehabilitation centres. This makes our programme less comparable to other rehabilitation programmes, although some other studies have investigated longer rehabilitation programmes [59, 60] . Previous studies have found support for the notion that longer programmes appear to be more successful than shorter programmes [2, 60] .
Third, unfortunately a reasonably large number of patients in rehabilitation dropped out during the study, mainly due to their leaving the programme. Although the patients who dropped out scored significantly lower than the participants on a few variables in the study, no significant differences have been found with respect to perceptions of personal control and, therefore, the amount of drop-out probably did not affect our results.
Conclusion
COPD patients improved with respect to overall QoL and personal control during a rehabilitation programme. Furthermore, this study revealed a relationship between changes during rehabilitation in perceptions of self-efficacy with QoL, suggesting that perceptions of personal control, and self-efficacy in particular, play an important part in the adjustment to COPD. These results show that even in seriously impaired COPD patients in advanced stages of illness, positive changes in self-efficacy and overall wellbeing can be established during rehabilitation.
The results of pulmonary rehabilitation, however, are often not maintained for a long period [10, 31] . Previous studies have argued that perceptions of personal control influence patients' motivation [20] to exert effort for certain activities, and have been associated with lifestyle changes, such as physical exercise and smoking cessation [13, 14] . Consequently, the role of self-efficacy may be very important in maintaining the effects of rehabilitation. It would thus be of interest to study whether the changes in self-efficacy are maintained after the end of the rehabilitation programme and whether this is associated with enduring changes in lifestyle factors.
Practice implications
A finding of interest for health care professionals is that the patients in rehabilitation and the reference group did not differ with respect to pulmonary function, while the patients in rehabilitation functioned significantly worse with respect to self-reported physical functioning. This suggests that patients are more often referred for rehabilitation on the basis of their limitations in daily physical activities than on the basis of pulmonary function. Furthermore, these results suggest a discrepancy between pulmonary function and perceptions of limitations in physical functioning, which is in line with earlier studies that have showed discrepancies between self-reported and more objectively assessed physical functioning [61, 62] .
An important result of this study is that the patients improved during rehabilitation with respect to self-efficacy. In the treatment of patients with COPD, aside from improving physical functioning, enhancing health promoting behaviours is important as these behaviours promote better disease management. Higher levels of self-efficacy are associated with healthy behaviours, such as smoking cessation [14] , more physical exercise, and higher training achievements [63] . Therefore, interventions for patients with COPD should not only focus on improving physical functioning but also on enhancing perceptions of selfefficacy. In patients with COPD in particular, strengthening perceptions of personal control is very important, since these perceptions of control in turn affect the motivation to engage in healthy behaviours [20] . To date, strengthening the control beliefs of COPD patients is only an implicit goal of rehabilitation, although rehabilitation programmes are appropriate interventions to enhance both self-efficacy and physical functioning [13] . Therefore, enhancing perceptions of self-efficacy is suggested as being an important aim in the treatment of patients with COPD.
